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Summary

Direct surgical clipping proves to be difficult 
and dangerous for intracranial aneurysms asso-
ciated with moyamoya disease (MMD) or 
moyamoya syndrome (MMS). This study 
presents our clinical experience of endovascular 
embolization of intracranial aneurysms associ-
ated with these diseases. A total of 13 cases of in-
tracranial aneurysms associated with MMD or 
MMS were treated by endovascular emboliza-
tion between January 2001 and January 2009. Pa-
tients were divided into two groups: a saccular 
aneurysm group (n=10) and a pseudoaneurysm 
group (n=3). Different endovascular th erapeutic 
strategies were employed for each type of case. 
Of the 13 cases, 11 received successful endovas-
cular embolization and had an uneventful post-
operative course during one to two years of fol-
low-up. However, endovascular embolization 
failed in the other two cases, of whom one died 
from rebleeding after the five-month follow-up, 
while the other was conservatively treated and 
experienced no rebleeding during the two-year 
follow-up. A favorable prognosis may be secured 
through careful selection of endovascular treat-
ment regimens for patients with intracranial an-
eurysms associated with MMD or MMS accord-
ing to the site of intracranial aneurysms.

Introduction

Moyamoya disease (MMD) is a chronic ob-
structive vascular disorder that progressively in-
volves bilateral internal carotid arteries and is 
characterized by the formation of abnormal 

moyamoya vessels at the skull base due to termi-
nal occlusion of internal carotid arteries 1. When 
moyamoya-like vascular changes occur in the 
unilateral internal carotid artery, it is known as 
moyamoya syndrome (MMS) (i.e., unilateral 
moyamoya phenomenon) 2,3. MMD or MMS are 
commonly seen in association with intracranial 
aneurysms, and most of these cases present with 
intracranial hemorrhage caused by aneurysm 
rupture. Previous studies have reported that 
about 15% of hemorrhagic incidents in patients 
with MMD resulted from the associated aneu-
rysms 4,5. However, the incidence of MMS associ-
ated with intracranial aneurysm remains unclear 

6,7. Intracranial aneurysms seen in MMD or 
MMS are characterized by abnormally devel-
oped blood vessels and the presence of a collat-
eral circulation, which makes direct surgical clip-
ping difficult and causes high disability rates 5,8. 
In recent years, with improving endovascular 
techniques, endovascular embolization is emerg-
ing as an efficient procedure for treatment of 
these aneurysms 9,10. However, few studies have 
been conducted regarding the methods and 
prognosis of endovascular treatment. Therefore, 
the present study reports our clinical experience 
of treating 13 cases of MMD and MMS associ-
ated with intracranial aneurysms by endovascu-
lar treatment.

Materials and Methods

1. Baseline Data

The study population consisted of 13 patients 
(eight males and five females) aged 27 to 67 
years (mean: 46.8 years). All patients presented 
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with intracranial hemorrhage, including nine 
cases of subarachnoid hemorrhage (SAH), one 
case of SAH and intraventricular hemorrhage 
(IVH), two cases of IVH, and one case of in-
tracerebral hemorrhage (ICH). The time from 
symptom onset to treatment was five days or 
less. All patients had Hunt-Hess scale grades of 
I to III.

2. Patient Grouping

All patients were diagnosed as having intrac-
ranial hemorrhage by head computed tomogra-
phy (CT) examination, and were subsequently 
determined as having MMD or MMS associat-
ed with intracranial aneurysm by head CT an-
giography (CTA) or digital subtraction angiog-
raphy (DSA). The patients were divided into 
two groups based on the location and shape of 
the associated aneurysm in CTA or DSA: the 
saccular aneurysm group (n=10) and the pseu-
doaneurysm group (n=3). Saccular aneurysms 
were further categorized into anterior circula-
tion aneurysm and posterior circulation aneu-
rysm.

2.1 Saccular aneurysm group (n=10)

2.1.1 Anterior circulation aneurysm (n=5)

There were three cases of anterior communi-
cating artery aneurysm, one case of left oph-
thalmic artery aneurysm, and one case of right 
posterior communicating artery aneurysm; all 
cases were diagnosed as MMS by DSA; and the 
ophthalmic and posterior communicating ar-
tery aneurysms were located contralateral to 
the side affected by MMS. In addition, four cas-
es of SAH and one case of SAH and IVH were 
found in this group. 

2.1.2 Posterior circulation aneurysm (n=5)

There was one case of left posterior inferior 
cerebellar artery aneurysm, two cases of basilar 
tip aneurysm, one case of pontine artery aneu-
rysm of the basilar artery, and one case of right 
posterior cerebral artery aneurysm; all cases 
were diagnosed as MMD by DSA and present-
ed with SAH. There was one case of wide-
necked aneurysm in the saccular aneurysm 
group.

2. 2 Pseudoaneurysm group (n=3)

There was one case of left distal middle cere-
bral artery aneurysm, one case of perforating ar-
tery aneurysm of the left cerebral middle artery, 

and one case of left anterior choroidal artery an-
eurysm. DSA examination revealed two cases of 
MMD and one case of MMS. Two cases of IVH 
and one case of ICH were found in this group. 

3. Neurosurgical management

3.1 Preoperative management

Nimotop was intravenously administered at 
a rate of 4 mL/h one to three days before sur-
gery to prevent vasospasm. For the one case of 
wide-necked aneurysm, 75 mg of clopidogrel 
and 100 mg of aspirin (enteric-coated tablet) 
were orally administered three days before sur-
gery (once daily for both drugs). 

3.2 Endovascular procedure

All surgery was performed under general en-
dotracheal anesthesia. Three-diminsional (3D)-
DSA was performed before surgery. The ana-
tomical relationship between aneurysms and 
peripheral vessels was evaluated by using 3D 
reconstruction of aneurysms. Subsequently, a 
suitable operating angle was selected for en-
dovascular embolization. 

Embolization was performed with electrical-
ly detachable coils or hydrocoils (including 
two-dimensional and 3D coils with various de-
grees of flexibility) in the saccular aneurysm 
group. 

In addition, Neuroform stent-assisted embol-
ization was performed for the wide-neck poste-
rior inferior cerebellar aneurysm. For patients 
with pseudoaneurysm, endovascular parent ar-
tery occlusion was performed with Onyx (ev3, 
Irvine, CA, USA).

3.3 Postoperative management

For patients with SAH alone or combined 
with hemorrhage at another site, lumbar cistern 
drainage was performed for at least seven con-
secutive days after surgery, and hemorrhagic 
cerebrospinal fluid was drained by an external 
ventricular drainage system to reduce intracra-
nial pressure and improve cerebral vasospasm. 
Meanwhile, changes of intracranial pressure 
were closely monitored according to the liquid 
height of the external ventricular drainage tube 
in order to bring the intracranial pressure un-
der 200 mm H2O 11. Nimodipine (4 mL/h) was 
continuously administered for three weeks af-
ter surgery to prevent or alleviate vasospasm. 
For patients with significantly increased intrac-
ranial pressure, a combination of mannitol, 
furosemide, and albumin was used to lower in-
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tracranial pressure. The details of the patients’ 
clinical features are summarized in Table 1.

Results

Following adequate preoperative preparation, 
all cases underwent endovascular embolization 
of aneurysms within one week after onset.

1. Successful embolization (n=11)

The procedure was successful in 11 of 13 
patients. Re-examination by DSA six months 
later revealed complete embolization of aneu-
rysms and no recurrence in the 11 patients 
who also showed favorable prognosis after 
one to two years of follow-up (Figures 1-3).

2. Unsuccessful embolization (n=2). 

2.1 Saccular aneurysm group (n=1)

One patient had an aneurysm located at the 
starting portion of the pontine branch of the 
basilar artery. As a result of the communication 
of the aneurysm with the basilar artery through 
small arteries, as well as the presence of a sten-
otic upper segment in the basilar artery that 
was too narrow to allow a guidewire to pass 
through, conservative treatment was adopted. 
After five months of follow-up, the patient died 
of intracranial hemorrhage at the primary site 
(Figure 4).

2.2 Pseudoaneurysm group (n=1)

The patient had a perforating artery aneu-
rysm of the left middle cerebral artery. En-

Table 1  Clinical features of the patients

Case Sex/Age (y) Intracranial 
hemorrhage Aneurysm location DSA Wide 

neck
Modes of 

embolization

Saccular
aneurysm 

group

1 F/43 SAH Anterior communicating
artery Right MMS No Coil

2 M/57 SAH Anterior communicating
artery Right MMS Yes Coil

3 M/67 SAH Anterior communicating
artery Left MMS No Coil

4 M/27 SAH Left ophthalmic artery Right MMS No Coil

5 M/61 SAH+IVH Right posterior
communicating artery Right MMS No Coil

6 F/44 SAH Left posterior inferior
cerebellar artery MMD Yes Stent+Coil

7 F/47 SAH Basilar artery tip MMD No Coil

8 M/32 SAH Basilar artery tip MMD No Coil

9 M/38 SAH Pontine branch of the
basilar artery MMD No Unsuccessful

10 M/55 SAH Right posterior cerebral
artery MMD No Coil

Pseudo-
aneurysm 

group

1 F/39 IVH Left anterior choroidal
artery MMD No Parent artery 

occlusion

2 M/51 IVH Left distal middle
cerebral artery Right MMS No Parent artery 

occlusion

3 F/47 ICH Perforating branch of left
middle cerebral artery MMD No Unsuccessful

F: female, M: male, SAH: subarachnoid hemorrhage, IVH: intraventricular hemorrhage, ICH: intracerebral hemorrhage,
MMS: moyamoya syndrome, MMD: moyamoya disease.
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Figure 2  Radiological imaging of MMD associated with basilar tip aneurysm in the saccular aneurysm group (case 7). A) 
SAH is shown. B) CTA shows MMD and basilar tip aneurysm. C,D) DSA shows the aneurysm (arrow) and extended blood 
supply from posterior circulation (ellipse). E) DSA shows basilar tip aneurysm (arrow). E) aneurysm embolization is 
shown. F) Repeated CT scan six months after surgery reveals radial artifacts. G) Repeated DSA shows no recurrence of 
aneurysm.

Figure 1  Radiological imaging of MMS associated with the anterior communicating artery aneurysm in the saccular group 
(case 1). A) CT shows SAH. B) CTA shows an anterior communicating artery aneurysm and right MMS. C,D) DSA shows 
an anterior communicating artery aneurysm and right-side MMS. E) 3D-DSA provides an optimal view of aneurysm em-
bolization. F) DSA shows a well-developed left carotid artery (arrow). G) Repeated DSA shows no recurrence of aneurysm 
(arrow).
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dovascular embolization was abandoned for 
the patient because of the failure to introduce 
the guidewire into the tortuous starting portion 
of the parent artery despite repeated efforts. 
Follow-up DSA examination one week later 
showed the disappearance of the aneurysm. No 
rupture of the aneurysm occurred during the 
two-year follow-up. The patient is still being 
monitored (Figure 5).

Discussion

Given that MMS shares many similar angio-
graphic manifestations and clinical characteris-
tics with MMD, both disorders are usually re-

garded as tightly correlated disease entities in 
the literature 3,7. This report retrospectively an-
alyzed the efficacy of endovascular treatment 
for patients with MMD or MMS associated 
with intracranial aneurysm. At present, various 
classification systems have been proposed for 
MMD or MMS associated with intracranial an-
eurysm in the literature. For example, intracra-
nial aneurysm can be divided into pseudoaneu-
rysm, saccular (true) aneurysm, and dissecting 
aneurysm, according to the morphology and 
histology of the aneurysm 12-14. Alternatively, 
Kodama et al. provided the classification of an-
eurysms arising from the circle of Willis and 
those from the abnormal vessel network 15. In 
fact, major artery aneurysms from the circle of 
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Figure 3  Radiological imaging of MMD associated with left anterior choroidal artery aneurysm in the pseudoaneurysm 
group (case 1). A) CT shows IVH. B-D) DSA shows a anterior choroidal artery aneurysm and MMD. E) Microcatheter su-
perselective angiography. F,G) DSA shows the parent artery and the embolized aneurysm. H-I) Repeated DSA shows no 
recurrence of aneurysm.
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Willis are almost saccular (true) aneurysms. 
They are related to high flow of the main trunk 
artery in MMD and MMS. However, aneurysms 
from the distal segments of the peripheral cer-
ebral arteries or moyamoya vessels are pseu-
doaneurysms that come from dissection rupture 
or are a result of moyamoya vessel rupture. 
These aneurysms are formed due to increased 
stress on the vessel wall from the high flow im-
posed by occlusion of the anterior circulation 

12-16. Because in our study all patients presented 
with intracranial hemorrhage, we could not dis-
tinguish the origin of pseudoaneurysms be-
tween dissection rupture and moyamoya vessel 
rupture. So it is reasonable to divide the aneu-
rysms presenting with intracranial hemorrhage 
in MMD and MMS into saccular (true) aneu-
rysm group and pseudoaneurysm group. 

Treatment strategies for intracranial aneu-
rysms associated with MMD or MMS include 
surgical clipping and endovascular embolization 

8-10. However, thorough surgical clipping of 
these saccular aneurysms arising from the circle 
of Willis often present substantial challenges 
mainly derived from considerable dysplastic 
blood vessels and stiff arteries without needed 
plasticity, thus causing great difficulty in the lo-
calization and exposure of aneurysms. Mean-
while, the destruction of the previously estab-
lished collateral circulation during micro-opera-
tion also accounts for increased risk and diffi-
culty associated with this procedure 17,18. Fur-
thermore, accurate localization of pseudoaneu-
rysms from the distal segments of the peripheral 
cerebral arteries or moyamoya vessels is also 
extremely challenging during surgical clipping 
procedures 8. Since the first application of en-
dovascular embolization in the occlusion of an-
eurysms associated with MMD or MMS using 
electrically detachable coils, there have been 
several reports concerning the use of this proce-
dure 10,18,19. However, most of these studies are 
limited to only a few cases, lacking a systematic 
perspective. We therefore performed a system-
atic retrospective analysis of our experience in 
treating 13 cases of MMD or MMS associated 
with aneurysm using endovascular embolization 
during the last decade in our hospital.

In the saccular aneurysm group, five cases of 
the anterior circulation aneurysm had MMS. 
DSA examination showed no significant steno-
sis in the vertebral-basilar artery and contralat-
eral carotid artery except moyamoya-like 
changes in the unilateral carotid artery. The an-
eurysms in the five cases were successfully em-

bolized with endovascular coils. Moreover, the 
procedures were not different from those for 
cases without MMS and also showed a favora-
ble prognosis, indicating that unilateral moya-
moya changes do not have a severe effect on 
the hemodynamics of the whole brain in cases 
of MMS. Therefore, for patients with MMS as-
sociated with anterior circulation saccular an-
eurysms, endovascular treatment and prognosis 
are expected to be similar to those cases of 
common intracranial aneurysms.

Another five cases of the posterior circula-
tion saccular aneurysm suffered MMD. The 
vertebral-basilar artery is the only artery sup-
plying the whole brain in MMD patients. En-
dovascular embolization thus poses greater dif-
ficulty in these patients than in MMS patients 
or in patients with no MMD. Massoud et al. re-
ported the application of endovascular emboli-
zation in two MMD patients with basilar tip 
aneurysms, of whom one died of complications 
[10]. This suggests that great care must be tak-
en in the treatment of these aneurysms; even 
the slightest mistake may lead to serious ad-
verse consequences. Of the five cases in this 
group, four cases underwent successful en-
dovascular embolization and had a favorable 
prognosis, whereas endovascular embolization 
was not achieved in one patient who died of 
cerebral hemorrhage five months after surgery. 
Aneurysms from the posterior circulation sus-
tain higher blood pressure in the presence of 
MMD than in MMS or in the absence of MMD. 
Therefore, patients with MMD associated with 
these saccular aneurysms are more susceptible 
to bleeding 10,18. Aggressive efforts are required 
for the treatment of MMD associated with sac-
cular aneurysms in posterior circulation, since 
conservative therapy is linked with substantial 
risk of aneurysm rupture. Moreover, much care 
must be taken while performing endovascular 
embolization in order to prevent complica-
tions.

In the pseudoaneurysm group, three cases 
were included (two had MMD and one MMS). 
Pseudoaneurysms in these cases localized ei-
ther in the distal segments of the peripheral 
cerebral arteries or in the moyamoya vessels. 
Inherent vascular fragility of collateral vessels 
and altered hemodynamics should be consid-
ered the major responsible cause [19]. Previous 
studies suggest that these aneurysms preferen-
tially localized on the ventricular wall or within 
the hematoma cavity and accounted for 39% 
cases of MMD or MMS associated with intrac-
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ranial aneurysms 20,21. In this group two pseu-
doaneurysms were situated within the hemato-
ma cavity and one on the ventricular wall pre-
senting with IVH. At present the natural histo-
ry of pseudoaneurysm in MMD and MMS re-
mains a controversial issue. Kawaguchi et al. 17 

showed that such aneurysms disappeared after 
conservative treatment, while Hamada et al. 22 
reported that recurrent bleeding occurred dur-
ing conservative treatment of these aneurysms. 
Consequently, we recommend active treatment 
for patients with an unclear natural history of 
pseudoaneurysms. Because the psuedoaneu-
rysms in this group localized at the distal seg-
ments of unusual branch vessels or moyamoya 
vessels, aneurysm resection or parent artery oc-
clusion should be feasible to prevent rebleed-
ing and complications. Although the successful 

Figure 4  A case in the saccular aneurysm group who died after receiving unsuccessful endovascular embolization (case 9). 
A) CT shows SAH in the interpeduncular cistern. B) CTA shows pontine aneurysm of the basilar artery. C-F) DSA shows 
MMD and pontine aneurysm of the basilar artery. G) The patient died of aneurysm rupture and rebleeding five months after 
surgery.
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resection of pseudoaneurysms has been report-
ed 21, accurate localization of these aneurysms 
is very difficult in practice. 

Meanwhile aneurysmectomy carries a risk of 
additional brain damage, because these aneu-
rysms are usually deeply located. In addition, 
because collateral circulation is important in 
patients with MMD, surgical injury of these 
vessels can produce additional ischemic brain 
damage 19. 

Nevertheless, endovascular embolization 
provides a feasible solution to this problem. Of 
the three patients in this group, two cases were 
embolized with Onyx by inserting a microcath-
eter into the proximal parent artery. Both pa-
tients showed a good prognosis. 

The aneurysm in the remaining one case was 
situated in the distal perforating branch of the 
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Figure 5  A case in the pseudoaneurysm group with favorable prognosis after unsuccessful endovascular embolization (case 
3). A) CT shows basal ganglia hemorrhage. B-D) Bilateral carotid artery angiography shows MMD and pseudoaneurysm 
(arrow). E) Repeated CT shows hematoma being absorbed one week after attempted embolization. F) DSA shows that the 
aneurysm disappeared one week after surgery.
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middle cerebral artery. Because the starting 
part of the parent artery is too tortuous to al-
low catheter entry, conservative treatment was 
administered to this patient who was later fol-
lowed up for two years and experienced no an-
eurysm rupture. 

Hence, we recommend that endovascular 
embolization of the parent artery may prove to 
be a safe option for patients with an unclear 
natural history of pseudoaneurysms that local-
ized at the distal segments of unusual branch 
vessels or moyamoya vessels. 

Meanwhile, temporary conservative treat-
ment with close follow-up should be also feasi-
ble for those patients experiencing unsuccess-
ful endovascular procedure. However, preop-
erative aneurysm localization should be per-
formed and endovascular embolization of the 

parent artery is suggested for pseudoaneurysms 
found at the terminal portion of cerebral arter-
ies in order to avoid postoperative complica-
tions.

Conclusions

In MMD or MMS associated with intracra-
nial aneurysms, coil embolization was per-
formed for saccular aneurysms whereas en-
dovascular parent artery occlusion with Onyx 
was conducted for pseudoaneurysms. Most of 
the patients have a good prognosis. Strategies 
of endovascular treatment need to vary de-
pending on the localization and type of aneu-
rysms so as to ensure satisfactory efficacy of 
endovascular treatment.
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